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Calculation details
To explore the topological prosperities of the paramagnetic Co 3 Sn 2 S 2 , we use the Vienna Ab initio Simulation Package (VASP) (44) based on density functional theory (DFT) to perform the first-principles calculations. The exchange-correlation potential that we choose here is the generalized gradient approximation of the Perdew-Burke-Ernzerhof functional (45) and spin-orbital coupling (SOC) is included. After OH or H adsorption, the OH or H groups are fully relaxed until the force less than 10 meV / Ȧ. The energy cutoff is set as 300 eV. The k-points grid is 6 x 6 x 1. Moreover, we also construct a tightbinding Hamiltonian from the maximally localized Wannier functions (MLWFs) (46) overlap matrix which is derived from the Co 3d, Sn 5p, and Se 4p orbitals, and the surface states for a semi-infinite slab along the z direction can be calculated according to this Hamiltonian by Green's function method (47).
Density functional theory (DFT) method as implemented in the Vienna ab initio Simulation Package (VASP) was used for the electronic structure calculations. The exchange-correlation was considered in the revised Perdew-Burke-Ernzerhof (rPBE) parameterized generalized gradient approximation (GGA) and spin-orbital coupling (SOC) was included. After OH (H) adsorption, the OH (H) groups are fully relaxed until the force less than 10 meV / Ȧ. The energy cutoff is set as 300 eV. The k-points grid is 6 x 6 x 1.
Single-crystal XRD measurements
Single crystal XRD measurements were performed using a Bruker D8 Venture diffractometer equipped with a Triumph monochromator and a Photon100 area detector, operating with Mo Kα radiation. The crystals were mounted on a 0.2 mm nylon loop using cryo-oil. The crystals were cooled with a nitrogen flow from an Oxford Cryosystems Plus. Data processing was done using the Bruker Apex III software, the structures were solved using direct methods and the SHELX97 software was used for structure refinement. 
